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Description 

[0001] The present invention relates to dichloro-tetrafluoro-[2.2]-paracyclophane(formula l) : which is a novel com- 
pound useful as a material tor forming a coating film by chemical vapor deposition, and a process for manufacturing 
thereof and poly-a,a-difluoro-chloro-para-xylylene film prepared therefrom. 

[0002] According to the present invention, dichloro-tetrafluoro-[2,2]-paracyclophane(formula I) is manufactured by 
chlorinating tetfafluoro-[2.2]-paracyclophane of the following formula (II). 



CI 




BACKGROUND OF THE INVENTION 

[0003] [2,2]-paracyclophane and its derivatives of the following general formula (III) 



X 




X 

(111) 



wherein X means a substituent selected from a group consists of hydrogen, chlorine, bromine, fluorine and alkyl; 
form a poly-para-xylylene film(including a nucleus-substituted poly-para -xylylene film; and forth) on a substrate by 
chemical vapor deposition through the following reactions. In the following formula, n means the degree of polymeri- 
zation: 



X 




X 



[0004] 



According to this coating method, it is possible to form coating films over substances of all shapes such that 
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the films are true to the shapes, and thus formed polymeric thin films are excellent in gas barrier and electric charac- 
teristics and are widely used as materials of electronic parts or for coating of space apparatus. 
[0005] However, a poly-para-xylylene film prepared from the compound of the above formula (III) has a limit in use 
in spite of its excellent characteristics. It is that said poly-para-xylylene film, though having a wide application range in 

5 vacuum and nitrogen, has a limited application temperature in atmosphere because the structure -CHg-CHg- binding 
benzene nuclei in its polymeric structure is liable to be oxidized. For example, this poly-para-xylylene film loses flexibility 
and strength as a film at 200° C within about 30 minutes in atmosphere to get ragged only by slight rubbing though at 
variance to some degree with the presence or absence of a substituent of the benzene nuclei and the kind of substituent. 
As a countermeasure against this, it has been proposed to add an antioxidant into the film (see U.S. Patent Nos. 

10 4,176,209 5,267,390 and 5,270,082), which however brings no essential solution. 

[0006] In order to broadly apply the poly-para-xylene film in various fields, it is required to increase the thermostability 
of the film in the presence of oxygen. 

[0007] It is known that a poly-para-xylylene of the following formula in which hydrogens of its methylene group are 
all substituted by flourine 

is 



20 

wherein n means the degree of polymerization, has an outstanding thermostability. As to a process for manufac- 
turing octafluoro-[2,2]-paracyclophane which is a starting material for the manufacture of this polymer, there are some 
patents and a patent application (see U.S. Patent Nos. 3,268,599 3,274,267 and 3,297,591 and Japanese Patent Laid- 

25 open No. 255, 149/1 993). 

[0008] However, mass production of these compounds is difficult and the films prepared therefrom have problems 
in adhering to substrates and the like. The objective of the present invention is to provide a new compound of the 
formula (I), dichloro-tetraf luoro-[2,2]-paracyclophane, which can be readily produced and is useful to form heat-resistant 
poly-paraxylylene film. Another objective of the present invention is to provide a highly thermostable poly-para-xylylene 

30 film prepared from said new compound. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] The present inventor intended to change the conventional poly-para-xylylene structure (IV) into a structure 
35 (V) (wherein n means degree of polymerization) in which 2 hydrogens of its methylene group on one side were sub- 
stituted by fluorine as shown in the following structural formula so as to obtain a thermostable polymer in atmosphere. 
Thus, the inven -tor tried the synthesis of dichbro-tetrafluoro-[2,2]-paracyclophane (formula I) as a starting material 
for manufacturing said polymer as well as the polymerization and film formation by chemical vapor deposition thereof. 

40 

x x 

(IV) (V) 



[001 0] That is, the present invention comprises dichloro-tetrafluoro-[2,2] -paracyclophane represented by the above 
formula (I), a process for manufacturing thereof and poly-a,a-difluoro-chloro-para-xylylene film prepared therefrom. 
The synthesis and the vapor deposition of this substance have never been tried. 

[001 1] The inventor of the present invention recently made an invention concerning tetrafluoro-f^J-paracyclophane, 
a process for manufacturing thereof and poly-a.a-difluoro-para-xylylene film prepared.therefrom (JP-A-9-25252). The 
compound of the present invention, which is a dichloro-derivative of the compound of the earlier invention, has various 
advantages over the compound of the earlier invention. For example, it can be coated more easily on a substrate by 
chemical vapor deposition than the earlier compound and the film prepared therefrom has more improved thermosta- 
bility in atmosphere than that from the earlier compound. It is also expec -ted that the film of the present invention has 



3 
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more Improved characteristics such as gas barrier property than the film of the earlier invention. 
[0012] As one example of processes, this substance was synthesized through the following route. 




[001 3] [2,2]-paracyclophane (formula VI) as a starting material is commercially available from Daisan Kasei Co., Ltd. 
[0014] Tetrabromo-[2.2I-paracyclophane (formula VII) can be obtained by reacting [2,2]-paracyclophane (formula 
VI) with a brominating agent such as N-bromosuccinimide or the like in an inert solvent in the presence of a peroxide 
catalyst or under irradiation with UV light or under interaction of the both. Inthebromination, although bromo compounds 
of the formula (VIII) and the like are also formed other than the aimed product, they can be separated based on the 
difference of solubility in the solvent. 




Cm) 

[0015] Diketone-[2,2]-paracyclophane (formula IX) can be synthesized by a means of reacting soda acetate, silver 
acetate or the like with tetrabromo-[2 : 2]-paracyclophane in an acetic acid solvent. 

[0016] Tetrafluoro-[2,2]-paracyclophane(formula II) can be manufactured by reacting a fluorinating agent such as 
sulfur tetrafluoride, diethylaminosulfur trifluoride (hereinafter described as DAST) or the like with the above ketone 
compound. 

[0017] The aimed compound dichloro-tetrafluoro-[2,2]-paracyclophane(formula I) was obtained by chiorination of 
tetrafluoro-[2 : 2]-paracyclophane. 

[001 B] The chemical vapor deposition of dichloro-tetraf!uoro-[2,2]-paracyclophane(formula I) was carried out in com- 
pliance with the conditions which are generally applicable to [2,2]-paracyclophane and its derivatives (formula III), and 
decomposition of the present substance into radicals, polymerization thereof and film formation were tried. 
[0019] The following Example serves to illustrate the present invention in more detail. It is, however, not intended to 
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limit its scope in any manner. 
Example 

5 (Synthesis of tetrabromo-[2,2]-paracyclophane) 

[0020] 40.0g of [2 : 2]-paracyclophane. 160.0g of N-bromosuccinimide and 1.1 g of benzoyl peroxide were refiuxed 
to react for 50 hours in 1 .5! of carbon tetrachloride solvent with irradiating UV light. The mixture was filtered to remove 
succinimide and carbon tetrachloride was recovered by distillation. The residue was washed with dichloromethane, 
10 recrystallized from chloroform to obtain 1 4.4g of tetrabromo-{2,2]-paracyclophane (formula VII). (Decomposition point: 
221-223°C) 

(Synthesis of diketone-[2,2]-paracyclophane) 

is [0021] 1 4.4g of the tetrabromo compound synthesized above and 1 9.2g of silver acetate were reacted under reflux 
for 4 hours in 200 ml of acetic acid, followed by addition of 1 4 ml of water and reaction under reflux for 2 more hours. 
After completion of reaction, the hot solution was filtered and acetic acid was concentrated, and the precipitate sepa- 
rated by adding water was filtrated. After washing the filtrate with a potassium carbonate aqueous solution and further 
with water dried diketone-[2, 2]-paracyclophane was obtained. The yield was 5.7g. 

20 

(Synthesis of tetrafluoro-[2,2]-paracyc!ophane) 

[0022] 5.7g of the diketone compound synthesized above and 9.5g of OAST were reacted in 1 00ml of chloromethane 
at 30° C or lower for 22 hours with stirring. Water was added to the reaction mixture to decompose excess DAST, and 
2S the dichloromethane solution was successively washed with water, a potassium carbonate aqueous solution and water. 
After distilling dichloromethane away, the residue was recrystallized from methanol to obtain tetrafluoro-[2,2]-paracy- 
clophane. The yield was 4.9g (melting point: 196-197°C). The structure was confirmed by mass spectrometry, nuclear 
magnetic resonance analysis, etc: 1 H-NMR (CDCI 3 , 399.7MHz, rezol. =0.48BHz); 5 6.77ppm (d, 4H, J=8.30Hz, ArH), 
6.67ppm (d, 4H, J=8. 30Hz, ArH), 3.53ppm (t, 4H, J=14.65Hz s Chy 

30 

(Synthesis of dichloro-tetrafluoro-[2,2]-paracyclophane) 

[0023] 5.4g of tetrafluoro-[2,2]-paracyclophane was dissolved in 250ml of methylene chloride. To this, was added 
0.2g of iron powder and 0.2g of water and followed by introduction of chlorine gas with stirring. The reaction process 

35 was traced by gas chromatography. After the completion of reaction, nitogen was blown into the reaction mixture to 
drive out excess chlorine. Then, the reaction solution was washed successively with water and a potassium carbonate 
aqueous solution. Furthermore, the reaction solution was washed with water until the washing liquid became neutral. 
After dehydrating the resulting solution over magnesium sulfate, methylene chloride was distilled away. The remaining 
crystals were re-cryatallized from methanol to obtain dichloro-tetrafluoro-[2.2]-paracyclophane. The yield was 3.6g. 

to The structure was confirmed by mass spectrometry. 

(Formation of polymer film by chemical vapor deposition) 

[0024] Dichloro-tetratluoro-[2,2]-paracyclophane was tried to be vapor-deposited on a glass substrate in compliance 
45 with the general vapor deposition conditions applicable to paracyclophane and its derivatives (formula III). As a result 
of it, the formation of a transparent thin film was confirmed. 

(Thermostability test on the polymer) 

so [0025] The thin film formed on a glass substrate by the above chemical vapor deposition was peeled off from the 
substrate and subjected to thermostability tests. The thermostability tests were carried out according to the following 
two methods. 

(1) Samples were placed in a furnace maintained at 200°C. After a predetermined time, the sample films were 
ss examined for their state. 

The results of comparison of thermostability among the films from the compound' of formula III, tetra-fluoro- 
[2,2]-para-cyclophane and the present compound are given in Table 1. 
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Table I 



Starting 
Material 



Polymer 
Structure 



Tine 



Results 



Paracyc lophane 
Formula III: 



10 min. Flexibl I i ty and 

tensi le strength were 
lost. Cot ragged by 
slight rubbing. 



Diroethy I- 
Paracyc lophane 
Formula 111: 
x=CH 3 



-f-CH 



JO rain. 



-Ditto- 



D ich I oro- 
Paracyc lophane 
Formula 111: 
x = Cl 



CI 



20 min. 



-Ditto- 



tetraf luoro- 
Paracyc lophane 
Formula 1 I 



Flexiai 1 ity & tensi le 
48 hrs. strength were main- 
tained. No phenomenon 
that f i I n got ragged 
by rubbing vas seen. 



D i ch I oro- 
tetraf luoro- 
Paracycl ophane 
Formula I 



CI 



-f-CF 



43 hrs. 



Di t to- 



(2) Temperatures at which heat generation by film decomposition is recognizedare measured by differential thermal 
analysis. The results are given in Table 2. Temperatures described in Table 2 indicate those at the time when heat 
generation reached the maximum peak. 
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Table 2 



Starting Materia) polyoer Structure Temperature 



Paracyclophane ^ C H 2 -<^-CH2-}n 222 ' 7t 

(in atmosphere) 

224. 5t 

(in atmosphere) 
253. 5t 

(in atmosphere) 



383. 7t 

(in atmosphere) 



500. 0t or higher 
(in atmosphere) 



[0026] The present invention provide a new compound dichloro-tetrafluro-[2,2]-para-cyclophane which is useful to 
form poly-para-xylylene film having excellent thermostability and other properties. The film to be formed by chemical 
vapor deposition of the present product has remarkably improved thermostability, as compared with the conventional 
products and is expected to be applied in various fields broadly. 

[0027] Dichloro-tetrafluoro-[2,2]-paracyclophane(formula I), which is a novel compound useful as a material for form- 
ing a coating film by chemical vapor deposition, and a process for manufacturing thereof and poly-a,a-difluoro-chloro- 
para-xylylene film prepared therefrom are disclosed. Dichloro-tetrafluoro-[2,2]-paracyclophane is manufactured by 
chlorinating tetrafluoro-[2,2]-paracyclophane. The film to be formed by chemicalvapor deposition of dichloro-tetrafluoro- 
[2,2]-paracyclophane has remarkably improved thermostability, as compared with the conventional products and is 
expected to be appliedin various fields. 



Claims 

1. Dichloro-tetrafluoro-[2,2]-paracyclophane of the following formula (I): 



Dimethyl- CH 3 

paracyc iophane -f-CH 2 -^^-CH z -j- ft 

Dichloro- CI 

paracyclophane -S-CH 2 C H 2 — K 

Tetraf luoro- 

paracyc I ophane -t-CF 2 -^^-CH 2 -K 



CI 

i 

paracyc Iophane -^CFj-^fj^CHa--^ 



D ichl or o- tetraf I uoro- I 
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CI 



CF; 



ci 



( 1 ) 



2. A process for manufacturing dichloro-tetrafluoro-[2,2]-paracyclophane of the formula (I) in Claim 1, which com- 
prises chlorinating tetrafluoro-[2,2]-para : -cyclophane of the following formula (II): 



CI 



cr i-CH Hi 




CF 2 



CHz 




(ID 



CF2 
CI ( I ) 



3. Highly regulated thermostable poly-a,<x-difluoro-chloro-para-xylylene film having the following structural formula 

(X): 



CI 



-G-CF 



(X) 



wherein n means degree of polymerization 



Patentanspruche 

1. Dichlortetrafluor-[2,2]-paracyclophan der folgenden Formel (!) 
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CI 



CP 
CH 




CHi 



10 



ci 



( 1 ) 



is 2. Verfahren zur Herstellung von Dichlortetrafluor-{2,2]-paracyclophan der Formel (I) in Anspruch 1, welches die 
Chlorierung von Tetrafluor-[2,2]-paracyclophan der folgenden Formel (II) umfaGt: 



CI 



20 



25 



30 



CFi 
CHj 





CHi 



CF 




CHi 



(ID 




CHi 

CFi 
CI ( I ) 



3. Hocheingestellter thermostabiler Poly-a,a-difluorchlorparaxylylen-Film mit der folgenden Strukturformel (X) : 



CI 



-H:f 



40 in der n fur den Polymerisationsgrad steht. 



(X) 



Revendications 

45 1. Dichlorotetrafluoro-[2.2]-paracyclophane repondant a la formule (I) : 



so 



55 
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CI 



CHi 




Clh 




CFj 



CI 



Procede pour la production de dichlorotetrafluoro-[2.2]-paracyclophane repondant a la formule (I) suh/ant la re- 
vendication 1 , qui comprend la chloration du tetrafluoro-[2.2]-paracyclophane repondant a la formule (II) suivante : 



"i-CH 1 " 



CHz 




CF* 



(ID 



CI 



CHY 




CFz 
CI CI) 



Film de poly-a,a-difluoro-chloro-para-xylylene thermostable hautement regule, repondant a la formule structurale 
(X) suivante : 



CI 



-{-CP 



7 i 



(X) 



dans laquelle n designe le degre de polymerisation. 



10 



